Abstract: Kidney disease is a common complication in patients with multiple myeloma. Traditionally, patients with active multiple myeloma and end-stage renal disease have been excluded from kidney transplantation due to the risk of malignancy progression. The introduction of bortezomib-based therapy for patients with multiple myeloma and renal impairment has significantly improved survival in this population. In this report, we present 2 cases of patients with active and controlled multiple myeloma who underwent successful kidney transplantation without progression of their underlying malignancy. In patients with active multiple myeloma controlled with bortezomib, kidney transplantation should be considered a valid option for patients with end-stage kidney disease. K idney involvement is a common clinical manifestation of multiple myeloma. It has been estimated that over 50% of patients develop some form renal impairment during their disease, with more than 12% requiring renal replacement therapy.
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(Transplantation Direct 2017;3: e200; doi: 10.1097/TXD.0000000000000716. Published online 21 July, 2017.) K idney involvement is a common clinical manifestation of multiple myeloma. It has been estimated that over 50% of patients develop some form renal impairment during their disease, with more than 12% requiring renal replacement therapy. [1] [2] [3] The presence of renal disease in multiple myeloma is a poor prognostic indicator, especially among those requiring dialysis. 4, 5 Advancements in the treatment of multiple myeloma have resulted in an increase in median survival of greater than 5 years after the initial diagnosis of multiple myeloma. Patients with end-stage renal disease with multiple myeloma have typically been excluded from kidney transplantation due to concerns of disease progression in the presence of chronic immunosuppression. 6 The prebortezomib literature for patients with multiple myeloma and kidney transplantation has been limited to case reports and case series in patients who were in remission before transplantation and have demonstrated very poor outcomes with a high rate of progressive myeloma and patient death.
7-11 Herein we present 2 successful cases of kidney transplantation with ongoing multiple myeloma and stable light chain disease maintained on bortezomib before and after kidney transplantation.
CASE REPORT Case 1
The patient is a 67-year-old man with a medical history notable for hypertension, ulcerative colitis requiring colectomy with ostomy placement at age 58 years, and left renal cell carcinoma postlaproscopic nephrectomy at age 59 years, and was started on maintenance hemodialysis at age 66 years. The cause of his renal disease was attributed to his longstanding hypertension and reduced nephron mass after nephrectomy. Histology of the renal cell carcinoma showed a mass of 4.8 cm with clear margins and clear cell pathology. The patient was monitored for several years with no evidence of recurrent disease.
After referral for kidney transplantation, he was noted to have an M spike of 0.9 g/dL on serum protein electrophoresis. Analysis of the serum light chains demonstrated markedly elevated serum κ light chains at 3461 mg/L (reference, 5.7-26.3 mg/L) and a mild elevation in λ chains at 86 mg/L was also present (reference, 3.3-19.4 mg/L), which was thought to be compatible with kidney failure. A bone survey was unremarkable, and the patient underwent a bone marrow biopsy showing 25% plasma cell involvement, consistent with multiple myeloma. Given his severe renal impairment, he was started on dexamethasone and bortezomib maintenance therapy, which he was maintained on for 1 year before kidney transplantation. The patient responded well to therapy with a reduction in his κ light chains to 300 to 500 mg/L (reference, 5.7-26.3 mg/L), and the λ light chains remained elevated at 80 to 90 mg/L. A repeat bone marrow biopsy showed no evidence of plasma cell dyscrasia.
The patient subsequently underwent a living unrelated kidney transplant as part of a paired exchange, with his wife as his exchange donor. The patient has a donor-specific antibody to his wife, and direct donation was not possible. The import donor was in his 60s and had a donation creatinine of 1.1 mg/dL. The patient was unsensitized at the time of transplant with a panel reactive assay of 0% and received basiliximab for induction. He was discharged from the hospital on postoperative day 4 with a creatinine of 1.9 mg/dL.
Posttransplantation, he was maintained on bortezomib every 3 weeks. Both his κ and λ light chains decreased to the normal reference range and have remained so 2 years postkidney transplantation ( Figure 1A ). His transplant course had otherwise been complicated by tremors requiring a switch from tacrolimus to cyclosporine and BK viremia 5 months posttransplant with discontinuation of mycophenolate mofetil. He was maintained on dual therapy with prednisone and cyclosporine with a baseline creatinine between 1.8 and 2.0 mg/dL with no proteinuria. A protocol biopsy at 1 year demonstrated no evidence of multiple myeloma or rejection within the kidney transplant. The patient had no evidence of donor-specific antibodies on testing at 6, 12, and 24 months posttransplantation by single antigen beads (Luminex). He remains on bortezomib therapy with stable allograft function 25 months after kidney transplantation, with a serum creatinine of 2.0 mg/dL.
Case 2
The patient is a 62-year-old woman with a medical history notable for multiple myeloma. She was initially diagnosed with multiple myeloma 4 years before she presented with profound anemia (Hg, 4 g/dL), markedly impaired renal function with a serum creatinine of 5.7 mg/dL, and nephrotic range proteinuria (7.4 g/g). A native kidney biopsy was performed and demonstrated myeloma cast nephropathy. A bone survey was negative, and a bone marrow biopsy showed plasma infiltrates of more than 30% within the bone marrow, consistent with multiple myeloma. She was initially treated with plasmapheresis, dexamethasone, and bortezomib with improvement in her renal function to a serum creatinine of 2.7 mg/dL. She developed a perforated duodenal ulcer with high-dose dexamethasone which required surgical repair.
She was maintained on bortezomib dosing every 2 weeks with stable elevations in her serum κ and λ light chains. Her serum κ light chains ranged from a value of 140 to 343 mg/L (reference, 5.7-26.3 mg/L), and the serum λ light chains ranged from a value of 69 to 80 mg/L (reference, 3.3-19.4 mg/L). Unfortunately, the patient's kidney disease progressed, and she was initiated on hemodialysis 2 years before kidney transplantation. A repeat bone marrow biopsy showed normal bone marrow.
The patient subsequently underwent a living unrelated kidney transplant as part of a paired exchange, with her daughter as her exchange donor. The import donor was in her 40s with a donation creatinine of 0.9 mg/dL. The patients were sensitized with a panel reactive assay of 57%, and she received basiliximab for induction given her active multiple myeloma. She was discharged on hospital day 4 with a serum creatinine of 0.9 mg/dL.
Posttransplantation, she was initially maintained on bortezomib every 2 weeks. Her κ light chains decreased to the normal reference range, and her λ light chains decreased to 40 to 60 mg/L. Six months posttransplant, her hematologists decreased her bortezomib dosing to every 3 weeks and her λ light chains increased to 120 mg/L. Her urine protein was measured at 0.11 mg/dL without Bence-Jones proteinuria on dilution. Her bortezomib was subsequently increased to every 2-week dosing and her λ chains decreased to 40 to 60 mg/L ( Figure 1B) .
Her posttransplant course has otherwise been uncomplicated. She was unable to tolerate mycophenolate mofetil or mycophenolic acid due to severe gastrointestinal side effects and has been maintained on dual therapy with prednisone and tacrolimus with a baseline creatinine between 0.9 and 1.1 mg/dL for the past year posttransplantation and her urine protein:creatinine ratio was less than 0.10. The patient had no evidence of donor-specific antibodies on testing at 6 and 12 months by single-antigen beads (Luminex). She refused a protocol biopsy at 1 year. She remains on bortezomib therapy with stable allograft function 13 months after kidney transplantation, with a serum creatinine of 1.0 mg/dL.
DISCUSSION
Kidney transplantation is the preferred therapy for patients with end-stage kidney disease. However, the necessity of immunosuppression in kidney transplantation can exacerbate preexisting malignancy. General guidelines recommend a period of remission for most malignancies and avoidance of transplantation in patients with active multiple myeloma. 12, 13 However, kidney disease is a common complication of multiple myeloma. Over 50% of patients develop some form of renal impairment during their disease, with 20% to 50% presenting with renal impairment at the time of diagnosis. Although the overproduction of immunoglobulins by clonal plasma cells is the underlying cause of kidney disease, various clinical manifestations exist (Table 1) . Many patients present with acute kidney injury, which is reversible. However, more than 12% may develop chronic kidney disease, requiring renal replacement therapy. The presence of renal disease in multiple myeloma is a poor prognostic indicator, especially among those requiring dialysis, with a survival rate of 45% at 1 year compared with 80% for patients with a serum creatinine less than 1.5 mg/dL with traditional therapy. 14, 15 A whole host of new drugs has become available for the treatment of multiple myeloma in the past 10 to 15 years including thalidomide, lenalidomide, pomalidomide, bortezomib, carfilzomib, and more recently 2 monoclonal antibodies, daratumumab and elotumumab. First-line therapy of myeloma today typically consists of 1 or more of the newer agents plus a steroid. High-dose chemotherapy and autologous stem cell transplant (ASCT) after induction treatment is still considered standard of care. Studies in patients with renal impairment show improved clinical outcomes with effective control and reduction in light chains comparable to patients without renal impairment. 16 These advancements have resulted in a marked increase in survival in patients with multiple myeloma, with median survival now approaching 5 years. The incidence of multiple myeloma as the cause of end-stage renal disease has decreased in the past decade, and mortality has improved significantly, meaning more patients are living longer on dialysis and multiple myeloma.
Kidney transplantation of patient with active multiple myeloma has generally been avoided due to risks of accelerated malignancy. Le et al 17 reported on 4 patients who underwent kidney transplantation after ASCT and hematological remission. Time from remission to transplantation ranged from 20 to 66 months. Two patients continued bortezomib posttransplantation with developing progression of myeloma at 6 months posttransplantation. With a larger cohort of individual with AL amyloidosis, Herrmann et al 18 also demonstrated successful kidney transplantation in patients with AL amyloidosis with complete response with or without ASCT in a larger cohort of 19 patients. Both case series demonstrate that kidney transplantation after complete hematological remission of myeloma with or without autologous stem cell transplantation is feasible with reasonable shortterm outcomes.
To our knowledge, these are the first cases of patients who underwent kidney transplantation with active multiple myeloma and partial hematological response to chemotherapy at the time of transplantation. Both patients continue to have partial remission and are maintained on maintenance bortezomib therapy. The primary limitations of our report are the short follow-up time postkidney transplantation from 13 to 25 months posttransplantation and the small number of participants (n = 2).
However, we demonstrate a potential template for transplantation in carefully selected individuals with multiple myeloma in partial remission on bortezomib who have not undergone ASCT. Ensuring that patients achieve at least a partial remission as determined by measurement of serum and urine paraproteins and bone marrow analysis would appear to be critical for long-term success. Both patients underwent paired exchange because of preexisting donorspecific antibodies to their original donor. This allowed induction with basiliximab and avoidance of ATG to minimize the risk of exacerbating her underlying malignancy. However, ATG may have some antiplasma cell activity and could be considered. 19 In addition, close monitoring while on continuous treatment with bortezomib was another important facet of our patients' management. One caveat to this is that immune modulating therapies should be avoided, as we have previously reported precipitation of acute rejection with these compounds. 20 
CONCLUSIONS
A new generation of therapeutic agents to treat multiple myeloma has dramatically improved outcomes in patients with significant renal impairment. Emerging data suggest that kidney transplantation in patients with a history of multiple myeloma with complete response with or without ASCT should be considered. However, complete response cannot be achieved by every patient. Patients with a good partial response and low light chain burden on maintenance chemotherapy may also benefit from kidney transplantation. Careful selection of patients with a history of multiple myeloma is essential in assessing which patients should undergo kidney transplantation, but a history of multiple myeloma should no longer be considered an absolute contraindication. 
